Statistics for Clinical Trials:
Basics of a Phase III Trial Design

Greg Pond

Ph.D., P.Stat.

Ontario Clinical Oncology Group
Escarpment Cancer Research Institute
Department of Oncology, McMaster University
Level II Investigator, Ontario Institute for Cancer Research
- McMaster

University &

09 AugUSt 2017 HEALTH SCIENCES |




Conflicts

None

McMaster

University &
HEALTH SCIENCES |




SRR

Outline

Randomization

Blinding
Intention-to-treat
Statistical Power (a and 3)

P-values / Confidence Intervals / Subgroups

McMaster

HEALTH SCIENCES




CONSULTATION

DR .STEPHENS UNDERSTANDING OF RANDOMISATIDN WASNT QUITE
UP TO SCRATCH +++
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What is Randomization?

e The most fundamental principle in statistics
 Ensures comparability of interventions

e Non-deterministic process by which patients
assigned to intervention

e All patients have same chance of getting each
treatment McMaster
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Statistical Importance

e Patient cohorts become similar / balanced as
sample size get large

e Balanced: known and unknown characteristics

e Observed difference (outcomes) due to treatment
effect / imbalance in characteristics / chance

e Chance can be quantified McMaster
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Statistical Interpretation

e Median survival for patients given A > median
survival for patients given B by 6 months

e Prob(due to chance) = XX (say 0.002)
 Prob(baseline imbalance) = Prob(due to chance)

 Prob(treatment effect)=?, however, chance is

unlikely => assume treatment effect McMaster
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Problems

e True randomization balances as sample sizes get
large

 Many clinical trials have small sample sizes

e Unequal # of pts allocated to each arm (cost,
feasibility)

* Imbalance in characteristics (credibility) McMaster
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Quasi-Randomization
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Quasi-Randomaization

e Permuted Blocks Random Sampling
« AABB, ABBA, ABAB, BBAA, BAAB, BABA
e Randomly select a block

e Ensures approximately equal numbers of
patients get each treatment
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Quasi-Randomaization

e Stratified Random Sampling
e Select ‘stratification factors’ of importance
 Permuted blocks within strata

e Ensures approximately even number of patients
within each stratum receive each treatment
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Dynamic Allocation

o Often referred to as minimization

 Evaluate characteristics of patients already on
study

e Allocate next patient to treatment which will
create better balance

e e.g. if 10 women received A and 7 receweM@NIaster
then the next woman allocated to B University [&
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Blinding / Concealment

e Important that researchers do not know next
allocation (blinded to allocation)

e [f I know permuted blocks used, and last three
patients were AAB, then I know next patient is B

e | may (sub)consciously (not) recommend trial to
next patient

. McMaster
e Bias trial results University &5
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Example

e Organize clinic so easier cases earlier in the day

e Personal belief that A is easier to tolerate
(despite community equipoise)

e Know next patient will get B

e May be less likely to present trial to complex
patient at end of day (7 PM) McMaster
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Terminology

e Concealment — ensuring people are unaware of
next treatment allocation

e Blinding — ensuring people are unaware of
treatment patient is receiving

e Reduces ability to ‘guess’ next treatment

* Reduces bias caused by process changespieM aster
(e.g. schedule changes / conmeds) University [
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Blinding Terminology

e Single blind — patients do not know treatment
(surgery trials)

e Double blind — patients and physicians blinded

e Triple blind — adjudicators blinded also
(radiologist); May change treatment incorrectly

* Reduces bias, but less similar to real life pfcMaster
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Blinding considerations

e Must consider ability to blind
e Surgery vs oral medication
e Will toxicities unblind allocation?

e How does blinding affect future treatments?
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Intent-to-Treat Principle

e All patients randomized should be analyzed
according to allocation

e Patient randomized to surgery (experimental
arm). Opts to withdraw and gets oral medication
(control arm)

e Analyzed on surgery arm

McMaster
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Intent-to-Treat Principle

e More conservative analysis. E.g. assume all
patients cross over and get same treatment.
Treatment effect is O.

e ITT biases towards no difference. Hence, if HO
rejected, we have strong evidence to do so.

e Reduces bias due to perceived / true lack of
blinding
McMaster
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Statistical Power

YOU HAVE MORE THAN
GOO,000 PEOPLE IN YOUR YEAH, SURE! BUT WILL
SCREENING META-ANALYSIS! THAT BE ENOUGH TO
YOou HAVE MORE THAN OUTPOWER ONE JOURNALIST
ENOUGH STATISTICAL WITH A SINGLE
ANECDOTE?

4=
@
=
=
©
=
172}
(C
0O
4°]
12,
e

AFTER YEARS OF WORRYING SICK ABOUT THE WORRIED
WELL, SOME DAYS RHONA FELT ALMOST CYNICAL -
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Error Rates

e a is the probability, assuming HO is true, that we
will reject HO

e If drug is inactive, a is the probability our study
will conclude the drug is active

* 3 is the probability, assuming HA is true, that we
will not reject HO

e If drug is active, P is the probability our study
will conclude the drug is inactive

* Power is (1-$)*100%
McMaster
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Statistical Errors

Truth is HO Truth is HA
Study Conclusion | Study is Correct B, type I
IS HO Is True
Study Conclusion a, type | Study is Correct
IS HAIs True
McMaster
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Statistical Errors

Truth is HO

Truth iIs HA

Study is Correct

B, type I

Study Conclusion
IS HA Is True

a, type |

Study is Correct
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Designing a Study

e Want to increase chance of making a correct
decision

e For fixed sample size, if a decreases, [ increases
e To decrease a and B, must increase sample size

e Sample size calculation is the minimum number
required so that both a and 3 are < some McMaster
‘reasonable value’ University &%
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Why a=0.05, =0.20?

 No statistical motive, but ‘works’
e a error: Truth is novel agent is inactive

=>Further study in phase III, patient/financial
costs

e 3 error: Truth is novel agent is active

=>Not studied again, lost a potentially useful
treatment

 Weigh relative cost of each error
McMaster
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P-values

e P-values: Probability, assuming HO is true, of
observing data as extreme or more extreme, than
what actually was observed if trial was repeated

identically many times
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Problems with p-values

 Does not say it is true, just it is plausible
e ‘we do not have enough evidence to reject HO”

e Low p-values do NOT mean HO is false
 Assumption: probability is low
=>unlikely to occur by chance

=>more likely that HO is false
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Problems with p-values

e P-values of 0.031 is not really different than p-
values of 0.049

e Except p=0.049 gets a better publication
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P-values are probabilities

e Probabilities have different meanings, depending
on the context

e Assume patient has positive test result from a
diagnostic test, false-positive rate=0.01

e Then take a second test which is negative, and
false-negative rate=0.0000001
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Confidence Intervals

 Range of values of which the data are consistent

e I[f HO is any value within a 95% CI, then the p-
value would be 20.05

e [t does NOT mean the true value is in CI

e If trial repeated many times — 95% of identically

constructed CI will cover true value McMaster
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Confidence Intervals
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Subgroup Analyses

e Are there particular subpopulations which
demonstrate effect?

 Be cautious — do not over-interpret

e Remember, if HO is true, a=0.05 means 1 of 20
tests significant by chance alone
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HR and 95% CI P Med A Med B
Age, years
=65 g H : .04 5.19 7.56
=z 65 . f 2. .08 6.64 5.93

Sex
Female i .44 .43 4.93
Male g 2 .32 .94 6.57
PS
0-1 .8 i 3 .51 7.43
2 X X . 77

Race
White £ i 5 .70
Other 8 .3 i .37

Weight loss, %
<Bb , A o .69
=5 , A : .07

Smoker, pack-years
=40 L X .2 .48
= 40 B . 44 .85
Prior CT
MNo . , : i |

Yes L i : .3

Prior RT
No 1.2 ., .61
Yes g 8 ; .38

Larynx
Oral cav . X ¥ 42
Oropharynx .83 B3 i’ .42
Grade
| . : 2.0 k)
Il L i .2 42

mn £ .58 1.5 .81
Overall : 4 1:2 .60

0.5 0.75 1

Favors gefitinib Favors placebo

Results: In an unplanned subgroup analysis, we found that patients younger than 65
years derived survival benefit from combination therapy (median OS, 7.6 months with
docetaxel/gefitinib v 5.2 months with docetaxel/placebo; P = .04).

Conclusion: Our observation of a potential survival benefit with the addition of gefitinib MCM aSter
to docetaxel in younger but not older patients may warrant further validation in ClmlC&lUmversHy
studies.

NOTE: 22 tests in H&N cancer — plausible? HPV (?) Mutations (?)
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